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A bstr a ct W ater re so urc eis the key fa ctor to ir18uenc ethe so ciala nd
envir on m entaldev elop ln a ridands emiー arid regions, A w ater re s o urc einform ation
syste m had been e stablished in lleihe Cat chm erEt fo r m anagi ng, Planning W ate r
r e sou r ce
,
andhelpingto buildup a spatialde cisio n- m aking syste m and m odelsfor
r egio nalsustaihable developm ent. In setting uptheinfor m atio nsystem , a detailed
de sign had be e nw orkedoutin o rderto e xtend the syste mto a wi derr egi on S u ch a s
Hexi Corrido rL Me a nwhile
, s om e new m ethods w e re used su ch a sOpe n Databa se
Co n n e ctivity(O D BC)and O bje ct-orie nted analysis. T hey w ere u sed fordev eloping
w ater r e s o u rce m odels
,
de sign lng a GIS- DSS- m odel irte rfac eand integra･tingthe
SySt em .
E ey W o rds W ater re sou rc e, Sustain able de v elopm e nt, Ge ographic h form atio n
syste m, M odel, De cisio nSupportSyste m
I btrodtI Ction
Heiheis
■
on e ofthe m ostimpo rtarttrive rsinthe arida nd semi-r egl O n Of No rthw estChina:
Itislo c ated in HexiCorridor, GarlSu Provin c e･ The c atchTnentis appr oxim ately13 0,000K m
2
,
includingthelandsc ape sof ic e and snow , grassland, fo r e st, o a sis a nd Gobi･ Be c a u s eofthe
abu ndantla nd r esou rce s
,
s ola re n e rgyand alo ng-period history of cultiv atio n, the Heihe
Ca:tchm enthasbe enbuilt a s am o stproductiv e supplier ofgraln a nd vegetablein No rthw est
C hina･ On the othe rhand be c a u s eof thelack of w ate r re s o ur c e
,
further reg10nale c on omical
and s o cialde v elopm e nt ha s enc ourlter ed a gr e at obsta cle and the e c o- syste min thelow er
valley of Heihe Catchm ent hashe avily deteriorated･ W ater res o ur ce ha sbe c o m ethe m ost
re strictivefa ctorin the sustainablede velopm e nt ofthis r egio n(C heng, 1996).
In re c entye ar s, sustainabledevelopm enthasbe c om e a w orld wi de c onc ern. In orderto
sustain ablly m anagethe qu antity andquality ofthe wate r r eso ur c ein Heihe Catchm e nt, the
C hinese Scienc eCou rlCil ha s s et up a proje ctfor
' 'Re searche so n Water Re s o urc e sAl 1oc ation
and Utilizatio n and Co o rdinated Growth of Co mm unity, Ec o n o my ar)d Ec o system in Heihe
River Catchm ent, Hexi Co ridor, Northw e st C hina
”
. In thepr oje ct, Geographic h for m atio n
System(GIS)andDe cisio n- MakingSystem(D S S)arethekei, support techn ologies.
Undoubtedly, GIS is one ofthe m ost pow erfulto ols for w ater re so urce m anaglng,
pla nning anddecision- m aking(Bau mgartner, 1996;Rodda, 1997). G ISha sbee n wi1dly u sed
inthe res earch of w ater resea rch duringthe pa st de c ade s, and ha sbe en te stedto has the
follow l ng advantage s:
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ll The preco nditio n of w ater re so u r c e m a n age m e nt a nd scientific de cision m aking lS tO
obtainthe fundam e ntal infor m a:tion 五rst. GIS c a nprovidethe spatialinform atio nsuch
a 5terrain
,
landtype andhydro-ge ology, non -spatialinfor mation su ch as m eteorologlC al
and hydrologic aldata, and e xpertsuggestions-
2･ Spatialvariabilityis an inherent n atur eof w ater res o ur c e s, GIS-aided spatial m odels
de scribethe waterresou rc ein a c atchm e nt as a suite ofpr o c e sse s, c om prlSlng riv er
fLo w, undeトgrOu nd w a主er re s o u rce, e vapo ra tio n, and their r elatio n s with n atu ral a nd
s ocialba ckgr ou nd, T hus, GISc an takeinto a c cou nt the丘1 1 diverslty Ofco nditio ns.
3･ GISis us edto develop spatial de cisio 71 S upport Syste m s(S D S S), which ha sbe e nte sted
tobebenefitforde s cribing and re s olving non
-stru ctedprobler ns. Integrating GIS and
S D S for w a;ter re so u r c e marlagem e nt hast)e ca m e an up
-to-date te ndency ln r e ce nt
years(Bishr, 1995;Fedra, 1996;Jamie son, 1996;Wats on, 199 6).
4･ G IS bridgesthe gap for W ate rre s ourc e spe cialist re se arches andthe us ers, m aking
m athe matic m odels m o re a cc e sible to us ers､ interpretl ng tho sepo orly structed
pr oble ms m o re dire ctly and displayiI唱 tbe infわrm atio n a nd re sults more
c o mprell e n Siv ely.
A detailed de sign ofthe wa.tor r esour c einfo rm atio n syste m ofthe Heihe Catchm e nt
(HeiheGIS)hadbe e nw orked out, a ndthe syste mis establishingin the La n zhou In stitute of
Glaciologyand Ge o c ryology(UG G), C A S. It c an provideintegrated inform ation and spatial
analysts to ols for the ad ministrators, de cision - m akers and r es e a rchers ofthis region . By a
ope n lng data policy, HeiheGIS willbe e xte ndedto a m o r e wildly us ergro upin futu r e,
providing the inform a:tion forthe m to sim ulate the pre s ent usage and plan the futu re
explo r ation of w a‡er reso urce in Heihe Catchm erlt･ In this pape r, the a uthors wi llpay
atte ntio n stothede sign of HeiheGISandthe G IS- D S S- m odel lnterfa c e.
2 Con c eptual I)e sigm of BeiheG IS
2.1 Syste m Ar chite ctu r e
HeiheGIS, had been de signedtointegratethe c apabilitie s of G IS, databa se managem ent
System , W ater re s o urc e m odellingtogether, and designedto have a c orr)plete a nd c o mpatible
standard
, s othatit c a nbe extendedto a m oredetailed syste m, or extendedto a m or e wildly
area su ch a sthe whole He xicorri do r･ The main c o mpo n e nts ofthe HeiheG ISa re sho w ed by
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Fig･ 1 Archite ctu r e of the Wate rRe s our c elnfo r m atio nSyste m ofHeihe
Catchm e nt
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figur el･
2.2 Syste mSta nda rd a nd Co nfigu r atio n
2.2.1 D ataltem s
Fiv etype s of data ar eincluded in HeiheG IS forboth spatial a nd n o n-spatialdata . T here
are:
11 Regional ba ckgrou nd, in cludirLg administrate bo u ndarie s, basirlboundaries, digital
ele valio ndata
, ge ologya ndtheloc ation s ofm ete orologlCala nd hydr ologlC alstation s,
2
. Population,includingboth u rba n andr u ralpopulatio n.
3. Re s o ur c es, 1n Cluding m ete orologlCal re s o urc e s such a sradiation, air te mperatu re,
pre cIPltation a nd evapo r atio n, land re s ourc e s such a s s oiltype a ndland u se, water
r eso u r c e s such asgrou nd, u nde r-grou nd w ater re sou r c e and main hydraulicbuildi喝 S,
biologlC resourc e s Su cha sfro standgras sland,
4
. Ec o n o my, 1 n Cluding globale c onomic, ru rale co nomic andurba neconomic.
5. Ec o- system , in cluding environ m e ntal inde x, enviro n m e】ltal pollution and
e n viron m e ntal dete rio ration.
Als o, s om e re m ote se n sing data su ch a sN O A A A V E R Ra ndT Mdata are u s edt oget
s om e qua ntitativeinform atiorl Su ch as surfac ete mperature ands urface moisture ･ T hese data
areimpo rtant para m etersin w ate r r e sour c e a nd hydrologlCal m odels, a nd ca nbeintegrated
withgriddedGISe asilybe c a u se oftheir Tasterdata structur e.
2･2･2 MapProje ctio n a ndSc ale s
The map proje ctio n, Tra n sv e r seM a cto r w a s cho se n in HeiheGIS bec a useit w a s adopted
forC hin es etopographic m aps, s othatdifferentdata c a n overlay with digitalelevatio n m od占1
(D EM). T he c erltral m edianis99oN forHeihe Catchm e nt.
Fo ra m e s o-sc ale w ater re s our c e study, a m aps c ale of 1:250,000willbe suitable, andthe
gridsiz eis athird-le v el 1/16gridsugge sted by C hin e s eNatio n al GISSta ndard, thegridsiz e
islO′' inlatitudinalorienta土ion and 15” in lo ngitudin al oriezta.tio n, r e ctangulargridsizeis
500×500m . The re a s ons whytw otype s ofgridexist togetheris, r e ctangular gridis alw ays
c o mpatible with rem ote senslng data, and easy fo rtopographic an alysI S;latitudinal a nd
longitudinalgridis alw ays us edfo rm odelling and co mpatible with clim atic m odels such as
generalcir culation m odels(G E M).
2.23 Hardw areand So氏w are
tm IXw orkstatio nis more pow e rfulfor GISa nalysts andgraphic pro cessl ng･ How e v er,
the u ser-group ofHeiheGIS is n ot w ellequlPPed, they prefer de sktopPCs. The r efore, U NIX
ba sed w o rkstation is o nly us edin the s erver erldto takelthe adva ntage s of U N IX bas ed
A R C/IN FO. T he client e nds areba s edon desktopP Cs.
The main GISs oftw ar eu s edin HeiheG IS is A R C/IN F O. Itisthe m ostpow erfuland
popularG IS s oftw arein the w orld. The A R C/IN F Ofor UNI Xisba sed on both ve ctor and
griddata for mat, and its GRI Dm odule hadin v olved rnany functionsfor w
u
afer r es ou r c e and
hydrologlCal applic atio n s, these cha racte ristics make A R C n NFO v ery c orrvenie nt fo r
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developl ng W ater r esourc e m Odels･ Anothe rE SRl,sle ading produ ct ArcVie wis als o u s ed in
HeiheGIS･but m ainly o nthe clie nt e ndsI T he m ost m erits of ArcVie w ar ethatitis compatible
wi ththedat afo r matin A R Cn N FO v ery w ell, a nd itha s aW indow s style u s eri lte rfa c e, s oit
is e asyfo r u serstobe skilled with it･ For model de v elopers, a GISsoftw arebas ed on grid data
form at
,
ID RISI
, is also available
,
1t C anPrOvi de pow erful fun ctions fo r spatialdecision -
m aking.
2･2･4 M odelDev elopingEnviron m e nt
So m eapplic atio n m odels c a nbedeveloped by a simple a nd effic ent w ay, for exarnple,
de veloped dire ctly by GIS-ba s ed m a cr ola ngu age s such as ArcVie w Av e n ue, A R C/ U FO
S M Lo rA M L･ Thes eapplic a王io ns ne ed n ottobeintegr atedin the w ater re s ou r c ein for matio n
syste m and D S S;they ar eusedforparticular calculation orsim ulatio ntopr o videinte rm ediate
dぬ Tbe se kinds of applic atio n sare alw ays restricted by the c apabilities ofthe m a c ro
langu ageinpa rtic ularGISs o氏w ar e.
Another types of m odels a r eimpotent c omponents ofthe water res ou r ceinfor mation
system and DS Sof Heihe Catchm e nt, for example, the regl Onale c o□Omic m odel andthe
m ulti- objectiv ede cisio n- m aking m odels･ T he s ek inds of m odels mu stbe developedbyhigh
langu age andby uslngrightdev eloping Strategies, S Othat they can hav ehighefrlCien cy and
easyto beintegrated･ These m odels a,e dev eloped by using Object- orie nted language slike
C＋＋ and JA V A･ In dev eloplng m odels, standardC＋＋is used unlessthere ne ed a clas slibrary
(forin sta n c e, cla s sfor OD B C);the s ugge sted cla s slibrary will be M ic,os.ftF｡u ndati. nCla s s
(M fC).
3 Datab& se
T he hybridda土aba searchitectu r eof A RC/- 0 w as u s ed in HeiheG IS for databa s e
m a nagem e nt･ T hat m eansthe spatial data and no n-spa土ial data ar e sto r age separately, spatial
data ar e m anaged by file acc ess a nd n o n-spatialdata ar em an aged by RD B M S(relatio nal
databas e m anagem ent syste m). Ho wev e r, both spatialdata and n o n-spatialdata a ,e us ed for
m odeldev eloplng, andthey ca nbejoined byge o- codeto m ake spatialanalysis.
31 Ge o･ c odingSyste m
The datain GISha s c o mple x spatial, te mpo raland attributive cha r acte ristic s, therefo r e,
geo- code s are required for cla s sifying a nd des cribing e a chgeogr aphicfeature. Ge o-c oding lS
thefo u ndation for GIStoidentifythege ographic object, to e xpre ssthei,logical ,elation and
to refe rtothe attributeinform atio nin R D B MS.
･ The geo-code for HeiheGIS is a nine-digitalc ode･ Amongit, thefo rm e rfour digital is
c alledhigh-levelc ode;itis c odedbyahierarchy m an ner･ T hat m e a n s,thegeographicdatain
HeiheGIS c a nbe cla s si{led &om higherleve r stolo we rle v els
,
a ndtheyaredivided intothre e
cla sse sI T he first digital e葺pre ss es the five m ain c ompo n ents that in clude ba ckgr ou nd
inform atio n, population･ res ou rc e s, e c ono my and eco-syste m･ T he sec o nd digital expre s se s
the sub- clas se sthat m ake up theflSt Clas s;for 甲 mPle. regional ba ckgro und c a nbe divi ded
intobou ndarie s
, transponation, topographyandgeology. The third andfonh digtalexpre s s
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m o redetailedinfo rm ation.
T helo werlevelge o- c odeha s丘v edigital. It c anbehierarchy code(for example,la nd use
c anbe cla s sified into m oredetailed categorie s)or an ordinalcode(for exa mple,the ge o- code
oftheloc atio n s ofm ete orologic alstatio n s).
3.2 Data Mode[a nd Data Fo r m at
M o r e a nd m or e w ate r res o u rc e m odelsha vebee ndevelopedby using agridded GIS(Doe,
1996;Polarski, 1997). The HeiheGISgo e salongthe s am e way･ Altho ughallthe spatial data
in HeiheG ISare stored inboth ve cto r andgri data m odels, onlythegri d da,ta m odelare u s ed
fo r m odeldeveloplngbec a us e m odelsba sed on gridded m apspr ovide asimple and 凸e xible
w ay of m odelling w ater r es ourc e and hydrologicalproce ssesat the c atchm e nt sc ale. Other
m erits ofgrid data m odel ar eits c ornpatibility with re mote se nslng data, a nd its fuzzy
bou ndaries. T helatter merit a voids ofthe misleading pr e cise ofthe ve ctordata m odel.
More over
,
m any W ate r r e so urc e m odels operate on R D B M Sasbefわre. In HeibeGIS, with
the association betw e en spatial data a ndtheir attribute, m odelr e sults c an be displayby m ap
m o r edir e ctly. In additio n, all dispe rsedata c anbe c on v ertedto grided m apsbya series of
inte rpolation zTlethods s uch asTe ssian polygon, tr e ndsu rfa ce and Krigingl nterPOlatio n･
T he data fo r m ats adoptedin HeiheGIS are A R CnN F OCoverage for v ecto rdata and
ID RISI Im age, A RC nN F O A S CII G RIDo rUS GS D E Mfo rgriddata.
4 1JsingⅡeiheGISfor M odel Developlng
The m a)o rpurpo s e s of HeiheGISis helpto s olv ethe proble m s o n w ater alo c atio n, to
find o ut s om e w ays for re strainlng e C OloglCaldeterioration, andto pr ovi de the decisio n-
mal(e r島 withplans on e c o nomic de v elopm e nt To a chievethe s etargets, four m odels n eedto
bedeveloped. T hey a re :
1. M odels for the wa土er r e sou r ce sbe aring c apaclty a nd
r
w ater alloc a土ion a mong
industrial
, agrlC ulturala nde c ologicalsecto rs.
2. M odels for evaluatio n o n current situ a:lion ofthe ecologlCal envir on ment and
prediction orits evolutio ntrends.
3
･ Modelsfor regionals u stain able e c onomicdevelopm ent.
4･ Modelsfor m ultiobjectivede cisio n- m aking.
N ot allthe m odels ne edto bebroughtintothe G ISdom ain . Traditonalw ate r re s ou r ce
m odels us ed relatio nal databa se. How e v er, GIScan produc e s om eimporta ntpara metersfor
thes ekinds of m odels(for example. the ar ea andpe rce ntage ofdifferentlandtype s). New
ge ne ration w ate r re s ou rc e m odels u sed spatialdata directly, they ar enam edspatial m odel or
distributed m odel. Fordeveloplngthe s em odels, tw o n ew s oRw a rete chn ologleS are applied in
HeiheGIS:theyare O D BC(opendataba se co n nectivity)andobject- orientedan alysis1
4.1 0 D B Cm ethod
Tr aditio n al w ate r r e s ou rce m odels us ed relationaldataba sefo rda王a lnput and o utput･ In
the sem odels, m a n aglngdatabas eis alw ays atro uble s o m eproblem be c aus e ofthe database
independe nc e. Thai m e ansdiffer erlt m odels areba s ed on differentdataform at, which canbe
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AS CIItext
,
ora cle
,
exc el, o rdbase ･ T his situation make sit v ery difficult for developing,
m odifying and integratingthe water re s ou r c e m odels. Onc ethe data for mat changed, the
pr ogr am m u stbe rew ritte n a nd re compiled. An otherproble m is old computelangu agelike
Fo rtran can not m an age relational databa sedir e ctly, s othe models ne edtobedevelopedby a
mixedprogr am m lngte Clm01ogyor the databas ene edtobe tr a n slatedinto aspe cial fo r mat. In
addition,the u se rshavetobe skilled with databas e manage ment･
O D B Cisthe w ayto re solv ethe above tw o proble m s. Firstly□O D B C is a conc ordarlt
developinginterface, 主t uses SQL(Sequenc eQu ery La nguage)for dEitabase m an age m ent.
T hat m e ansthe w ate rr es ource m odels c a nbe dependentfr om the databas e. No m atter what
kind of databa s eu sed
,
the s ou r ce c ode ofthe m odel wi Il be s a me. Onc ethe data form at
charlged, the onlything n e edto dois to change a n O D BCdriverifthe databa s eis suppo rted
byODB CL Pr ogra ms need not to be re whtten and r ec ompiled. On the other hand, alm ost all
thepopulardev eloplng e nviro n me ntshaveincludedthe O D BCinthem , s u ch a sVisualC＋＋,
Delphi, and Visu al Basic･ The refo re, thedatabase c anbe m anaged byhigh languagedire ctly･
This m akes databa s em anage me nt v ery e asily and m odel developm ent very eirlCiently･
Be cau se OD B C fo cused on the r elatio71aldata model ratherthan data for mat
,
it m ake sthe
m odel de velope rspay m ere atte ntion sto how to organizetheir data othertharlho w to store
theirdatain a m ate rialfo rma,i
4L2 Obje ct- o rie nted An alysis
The object-orie nted m ethod can o v e rstep the ba rriers betw e e n modelling of
e n vir?n me ntalsyste m sand GIS(Livingsto n e, 1994)I It offe rs ago odopportunityto r epr ese nt
c onc eptsin both re al w orldSyste m a nd co mputer syste m s. In HeiheGIS, O bject- oriented
m ethod is usedtotranslatethe realpheno m e na ofw ate r r e s ou r c einto c ompute rla nguage a nd
tointegrate w ater re s o urc e m odels withgridded GIS･ T he follo w ing COnC eptS a r e applied in
m odeldeveloping.
l
･ Cla s s and object. An abstra ctba se clas sforgri dde G IS, C G ri d GIS had t)e e ldefined,
It callbe c o nstru cted bythe m o st co m m o ngridded丘1es such a sID RIS Im age and
A RC/IN FO A SCIIG RID･ Moreo v e r, it ow n ed m emberfunctions a nd oper atorsfor
basic operation sofgrided m ap.
2･ Enc aps ulation. Be c au s ethe models e n c apsulate data and m ethodstogethe r, they r un
on their ow nda:t ara･therthan outsideparam ete r sI T hisis o ne ofthepow erfu l fe atu res
of object1 0riented design . It m al'e s m odule s c an be tested individually outside the
re alm ofthelarge m odels.
3･ Inheritan c e･ T he water reso urc e models c a ninherit任o m C GridGISand be n aturally
bro ughtinto gridded GIS･ In additio n, m odels ca nbe organized into ahierarchy, s o
thedesc endant ofa cla ssin thehierar chyinherits al1the cha r a cteristic sofitspar ent
class e sa nd ha s s o m e additonalpr ope rties.
4L Polym orphism . It pro vide s m odelling nexibility. New m odels c an o v e rride s o m e
m emberfunctions arid operators oftheir s upe r- clas sto get new properties.
- 194-
5 Develop m e nt ofa G ISI D S S- M odel Inte rface
Original, G ISser v e s a s I nput a nd o utputfo r w ater re sou r ce m odels. Tr ansfo r mingthe
G IS datairzto thefo r m at requir ed bythe m odels c a nbe e xtr e m elytl me-COnS um lng a nd boringL
Like wise, displaylngthe rn odelo utputin aGISfo r mis equallydifrlCult, Ea ch m odel m ay.
has
s om e ofits ow ns eparate Inputfiles, at thefinalintegr atio n stage, all input requ irem e nts &o m
thosediffer e nt m odels ar ederiv ed 舟o m GIS.
Du ring thela stfew ye ars, r ese arch hasfoc used o nhow tointegrate GtSwith D S Sa nd
w ater r eso u rc e m odels more se amlessly. On e m ethod isto dev elop D SSand m odelsin the
GIS &a m e w o rkjor ex a mple, by u slng a GIS de velopto olkit. such a sthe m a c r olanguage
A M L in A R C/IN F O. T his m ethodc an m ake GIS
,
DSSand w ate r r esou rce m odelsintegra土ed
very w el . How ever, GISs oRw are usually provide s ve ryli mited RlnCtio n sfor de cision -
m aking a nd w ater r e so ur ce m odelling, a nd m a crolangu ages are not pow erfu l for scientific
c omputation. T herefo re. buildingsuch anintegrated w ater re sourc einfor mation system is n ot
effe ctive, not丑exible and n ot us eトfriendly. Anothe r m ethod istointegrate GIS, D SSa nd
m odelsthrough a c o m morlinterfa c e. For the n o n-spatial data, O D B Ccanbe u s edto suppo rt a
SQL ba s edqu e rying. Forthe spatialdata, astherehas n ot a standard da 工a-ac c e ss m ethod like
SQL, datafi1e sm ustbe u s ed fordata a c es s. Ho w ever, by usingC GridGIS, theba se-cla ssfor
grided GIS,the spatial data- a c e ss, m em oryallo c ation and basic GISanalysュs Willbe ea syto
pr o c e ed. Ifthis object- orie nted m ethod is used w ell, a se amle sslyintegr ated w ate r re s ou r c e
infor matio nsystem c a nbe e stablished. In the syste m, both spatial data and n o n-spatial data
ne ed not to betransferredto anotherfor m at D SSa nd w a主e rr esou rc e m odels c an u s edata
directlyfrom GIS, andthe re s ults c an als obe used dir e ctly by GISfor visualiz ation･ T he
Stru cture oftheintegr ated inform atio n syste m c a nbepr e s e nteda sthe followingfigu re･
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